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An analysis of radiological images of the spongious substance of the tibiotarsal bones in
domestic goose (120 individuals) was performed for the first time. Based on radiographs
obtained from radiological examinations conducted in the region of interest (80 x 90 mm2) of
the proximal metaphysis, an analysis of the spongious substance of the tibia was performed
with the Trabecula® programme in order to construct a map of trabeculae and identify their
number, volume and density. The results were evaluated statistically using two-way
ANOVA. Changes in the number, volume and density of radiological trabeculae of the
tibiotarsal bone (TB) in geese from 4 to 16weeks old were observed. The lowest number (6.34
per mm2), volume (1.50 % mm) and density (33.73 %) of radiological trabeculae in the
proximal metaphysis of TB was reported in male geese at the age of 6weeks. Similar
tendencies were observed in females as well. It should be noted that the volume and density of
radiological trabeculae of the tibiotarsal bone achieved a maximum value in males 12 weeks
of age, whereas in females at 8 weeks of age. An inverse relationship between body weight
and the number of trabeculae in domestic geese (r = - 0.28; P#0.05) was found.We also found
a positive relationship between body weight and the volume of radiological trabeculae in
domestic geese (r = 0.43; P#0.05). During posthatching development, from the 4th week to
slaughter maturity, a decrease in relative bone mass was observed. Negative changes in the
trabecular structure combined with high weight gain could lead to bone deformities and
locomotor problems in the studied geese.
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Contemporary breeding conditions of birds and
their genetic selection in order to achieve a high
body weight in the shortest period of time has cre-
ated higher expectations concerning the mechani-
cal resistance of the skeletal system of birds
(FAGAN et al. 2009). A lack of balance in the
growth of muscle mass and bones causes frequent
deformities and fractures in birds all over the
world (FLEMING 2004; HORBAÑCZUK et al. 2004;
COOPER et al. 2008; TYKA£OWSKI et al. 2010).
Taking into account the scale of bone pathologies
found in geese, it is worthwhile to examine the
structure of the bone tissue during posthatching
development in these birds.
There are many methods of intravital evaluation
of the skeletal system in poultry, such as radiogra-
phy – the most popular method for bone tissue ex-
amination in humans and animals, dual energy X-ray
absorptiometry (HESTER et al. 2004), digital fluo-
roscopy (FLEMING et al. 2004), quantitative com-
puted tomography (TATARA et al. 2004, 2005), as
well as microtomography microCT (MARTINEZ-
-CUMMER 2006). Researchers have been increas-
ingly interested in bone mineralization in poultry.
Recent studies provide information on BMD and
BMC (BAREIRRO et al. 2009; DZIERZÊCKA &
CHARUTA 2010; TALATY et al. 2009a, 2009b, 2010).
Measurements of bone mineral density in a par-
ticular bone and posthatching development analy-
sis can predict changes occurring in other parts of
the skeleton. This is significant during the in vivo
evaluation of the quality of the skeletal system.
Trabecula® is a programme allowing the deter-
mination of parameters of bone structure on a ra-
diogram and predicts the resistance of bone tissue.
It also allows tracking of the architectural system
of trabeculae which plays an important role in
shaping the resistance of bone tissue (CZERWIÑSKI
1994). The method is widely used in the diagnos-
tics of fluorine and osteoporotic changes in hu-
mans (CZERWIÑSKI 1994), as well as in veterinary
medicine to examine the structure of bones in farm
animals (DZIERZÊCKA 2006; DZIERZÊCKA et al.
2007; CHARUTA et al. 2008). Trabecula® is a tool
allowing the evaluation of bone tissue intravitally,
which helps to predict the probability of fractures
and deformities of bird bones and helps in apply-
ing certain preventive treatments. This method,
previously used only in humans, may be useful in
diagnostics of young birds which are exposed to
limb diseases as well as those which have a high
body weight in relation to the developing skeleton.
The aim of the current investigation was to
evaluate and determine the changes in the process
of shaping the spongious substance in the post-
hatching development of the tibiotarsal bone of oat
geese bred with unlimited access to the yard and a
well-balanced diet.
Material and Methods
The material consisted of radiograms of 120
tibiotarsal bones of White Ko³uda Geese (W31).
The geese were fed with a standard concentrate
(produced by a commercial company Bacutil
Bedlno, Poland) and contained 19.5 % protein,
11.72 MJ/kg at the beginning of fattening and 15.5 %
protein and 12.14 MJ/kg at the end of fattening.
The geese were kept for 16 weeks in a free-range
system with unlimited access to the yard.
To evaluate the posthatching development of the
spongious substance of the tibiotarsal bone in domes-
ticgeese, bones were taken from birds in 4-, 6-, 8-, 10-,
12- and 16-weeks of age. The study was conducted
on 10 males and 10 females from each age group.
Slaughter and collection of material for research
was conducted with the approval of the IIIrd Ethics
Committee concerning experiments on animals
(Resolution Nr 23/2009). Before slaughter, the
animals were weighed and their sex was deter-
mined. Then, the tibiotarsal bones were isolated
for further analysis. X-rays of the bones were gen-
erated with the use of an X-ray apparatus, EDR
750 B, applying radiation of 50 kv and intensity of
20 m As. The distance between the lamp and the
cassette was 120 cm. Fresh bones were placed di-
rectly on the cassette without the use of a diffusion
screen. Typical X-ray cassettes by Cawo (Primax
Berlin GmbH, Germany) were used. The films
were developed in an automatic darkroom (Kodak
35 MX, Frankfurt, Germany). The Trabecula®
programme was used to analyse radiological im-
ages of the bones (CZERWIÑSKI 1994). Fragments
in which the whole bone was visible were scanned.
Scanning was performed at a resolution of 300 dpi.
The X-ray analysis was conducted in the so-
called spongious bone area, where bone trabeculae
could clearly be spotted with the naked eye. Im-
ages of the spongious substance with the highest
diagnostic value were analysed.
A rectangular-shaped fragment (80 x 90 mm2) of
all tibiotarsal bones was matched with the analysis
of the structure of the spongious substance. It was
extracted below the joint area near the proximal
metaphysis. The analysed area did not include the
cortical bone. (Fig. 1).
In order to establish which of the parameters are
optimal while analysing the structure of the tibio-
tarsal bones, the number of trabeculae in given
horizontal lines on the marked surface of the radio-
gram was determined by eye. Then the number
was compared with the results achieved using the
Trabecula® programme which depended on the
selection of individual parameters.
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Fig. 1. A fragment of a radiogram of the tibiotarsal bone of a
domestic goose with the marked area for analysis (80 x 90 mm2).
The Trabecula® programme analysed radiologi-
cal images recorded at a resolution of 0.096 mm
and showed trabeculae according to a formulated
definition. The programme was based on a com-
patible algorithm of recognising radiological tra-
beculae: in the form of defined parameters such as
the angle and level of the microdensitometer
curve. A comparison of the obtained map of trabe-
culae with the original radiogram revealed that the
most credible image was achieved at the following
parameters: angle – 20o, level – 40 % and width –
200 %. The programme recognises a segment of
the microdensitometer curve on which it is possi-
ble to mark points of the described geometric fig-
ure. The figure exists in a quadrilateral shape with
an ascending stage, a plateau and a descending
stage with defined critical angles.
Having identified trabeculae on subsequent mi-
crodensitometer curves, the programme calcu-
lated the number of trabeculae, their volume and
density. A 128 x 128 matrix recorded digitally was
used in the analysis. Trabeculae were recognised
as a segment of the curve whose rising and falling
angles were 45o. According to this algorithm, the
programme analysed 128 curves and made a map
of the recognised trabeculae, then it calculated
their characteristics for the whole surface as an av-
erage from the analysis of the 128 lines.
The programme was used to generate a trabecu-
lae map and imal base measured given in % mm
and density given as a percentage of the surface
covered with trabeculae for the whole area of the
analysis.
Statistical analysis
The analyses included the following parameters:
number, volume and density of radiological trabe-
culae, body weight as well as tibiotarsal bone
weight. Moreover, the relative bone mass (bone
weight divided by body weight x 100%) was cal-
culated for males and females.
A two-way analysis of variance (variables in-
cluded sex and age) was conducted in accordance
with the model:
yijl = m + ai + bj + abij + eijl.
where: yij– value of the studied feature, m – popu-
lation average , ai- i – effect of the level of A factor,
bj- j – effect of the level of B factor, abij – effect of
interaction between i and j, eijl – random error.
To define the differences in the studied quantita-
tive features, which could be influenced by sex, the
results were analysed separately for males and fe-
males.
Standard deviations (±SD) and arithmetical
means (x) were calculated. Differences between
the mean values were determined with Tukey’s test,
at P#0.05.
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Fig. 2. Computer analysis of the radiological image using the Trabecula® programme.
The relationship between body weight and the
number of analysed radiological trabeculae as well
as their volume, density and width were examined
using coefficients of correlation and regression at
P#0.05.
Results
The obtained results are shown in Table 1:
The mean number of radiological trabeculae in
the spongious bone of the proximal metaphysis in
4-wk-old geese both in males and females was
similar – 9.6 mm2, whereas in 6-wk-old male (6.34 mm2)
and females (7.67 mm2) was the lowest. (Table 1).
The highest growth rate of body weight in geese
during the posthatching period occurred between
4 and 6 weeks of age – 1400 g, whereas bone
weight increased only by 10 g (Table 2). However,
irrespective of the high increase in bone weight be-
tween the 4th and 6th week, the relative bone weight
decreased from 1.0 % to 0.9 %. Thus, body weight
grew much faster than bone mass. It is worth em-
phasising that from 8 weeks to 16 weeks, there was
a decrease both in bone weight (from 34.58 g to
29.83 g, at P#0.05) and in relative bone weight
(from 0.8 % in 4 wk to 0.5 % in 6 wk, at P#0.05)
but the body weight constantly grew (Table 2).
From among the 6 analysed developmental stages,
4-week geese of both sexes presented the highest
relative bone weight, approx. 1%. In the 16th week,
Table 1
Average values (x) and standard deviation ± SD of the number, volume and density of
radiological trabeculae of the tibiotarsal bones of oat geese as influenced by age (4, 6, 8, 10,
12 or 16 wk) sex and body weight
Item Males(±SD) Females(±SD) Species average(±SD)
Number (mm2)
4 wk 9.69 b, B ± 1.00 9.46 a ± 1.17 9.60 c, C ± 1.02
6 wk 6.34 a, A**± 1.26 7.67 a** ± 1.88 7.22 a, A ± 1.76
8 wk 9.02 b, B ± 0.90 9.96 a ± 0.15 9.49 b, B, c, C ± 0.12
10 wk 8.39b ± 0.41 7.95 a ± 1.20 8.17 a, A, b, B ± 0.86
12 wk 9.60 b**± 0.57 7.89 a**± 0.73 8.08 a ± 0.89
16 wk 8.45 b, B ± 0.76 7.83 a ± 0.69 7.96 a ± 0.72
Volume (%mm)
4 wk 1.63 a ± 0.16 1.23 a, b ± 0.41 1.48 a ± 0.33
6 wk 1.50 a, A ± 0.55 1.71 a, b ± 0.48 1.64 a ± 0.48
8 wk 2.38 a, b ± 0.43 2.80 b ± 0.38 2.60 c ± 0.44
10 wk 2.33 a, b ± 0.44 2.36 a, b ± 0.47 2.35 b, c ± 0.42
12 wk 3.03 b, B ± 0.32 2.33 a, b ± 0.38 2.41c ± 0.42
16 wk 1.81 a ± 0.14 1.78 a ± 0.51 1.80 a, b ± 0.45
Density (%)
4 wk 44.16 b, B ± 2.17 41.65 b ± 3.19 43.19 a, b ± 2.78
6 wk 33.73 a, A** ± 2.82 37.97 a** ± 2.26 36.55 a ± 5.32
8 wk 43.56 b ± 2.47 45.83 b ± 0.27 44.69 b ± 2.05
10 wk 41.45 b ± 1.18 40.66 b ± 4.33 41.05 a, b ± 2.97
12 wk 46.37 b* ± 0.94 41.33 b* ± 1.52 41.89 a, b ± 2.19
16 wk 40.44 b** ± 1.7 36.51 a** ± 11.45 37.35 a ± 10.2
Body weight (g)
4 wk 2362 a, A ± 206 1960 a ± 343 2207 a ± 325
6 wk 3760 b, B ± 531 3370 b ± 270 3500 b ± 400
8 wk 4233 c, C ± 136 3790 c ± 162 4011 c ± 272
10 wk 4915 d, D ± 427 4340 d ± 193 4627 d ± 434
12 wk 5450 d, e, D, E ± 98 4693 d, e ± 82.1 4777 d, e ± 263
16 wk 5600 e ± 200 4854 e ± 182 5014 e ± 364
a,b…,e Means within a column with different superscripts are significantly different (P # 0.05).
A,B... ,E Means within a column with different  superscripts are significantly different (P # 0.01).
*Means within a row are significantly different (P # 0.05).
**Means within a row are significantly different (P # 0.01).
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on the other hand, the relative bone weight was
only 0.5% (Table 2).
It should be emphasised that deformities oc-
curred most frequently (around 20 % in females
and 40% in males) in 6-week-old geese. At this pe-
riod of bone growth, a higher incidence of health
problems connected with locomotory function
was observed in geese. Moreover, a higher relation
of the body weight to bones leads to extensive
loading and bone deformities including fractures
of the tibiotarsal bone (Fig. 3).
In 6-week-old domestic geese the number of ra-
diological trabeculae significantly correlated with
sex, whereas in males, the number depended on
age, as well. The correlation between the number
of trabeculae and the body weight of domestic
geese (r = - 0.28; P#0.05) proved that there was a
relationship between these two features. The re-
gression equation showed that when body weight
increased by 1 g, the number of trabeculae dropped
by 0.000364 mm2 (Table 3).
The number of trabeculae increased in 8-week-
old geese, both in males and females, and reached
approximately 9.02 mm2 and 9.96 mm2, respec-
tively. It should be noted that the number of trabe-
culae decreased among geese of both sexes and
between 12 and 16 weeks of age is lower than in 4
week old geese (Table 1).
Another studied parameter was the volume of ra-
diological trabeculae of the tibiotarsal bone. The
Table 2
Mean values (x) and standard deviation ± SD of the bone length, bone weight, body weight
and relative bone weight of tibiotarsal bones of domestic geese as influenced by age (4, 6, 8,
10, 12 or 16 week) and sex
Item Males (±SD) Females (±SD) Pooled sexes (±SD)
Bone length (mm)
4 wk 143.53 a ± 0.04 143.77 a ±0.45 143.77 a ±0.31
6 wk 171.05 b*± 0.59 158.30 b* ±0.54 158.30 b ±0.82
8 wk 171.84 b*± 0.23 160.22 b* ±0.35 160.22 b ±0.67
10 wk 176.56 c* ± 0.90 167.12 c* ±0.87 167.12 c ±0.97
12 wk 177.73 c ± 0.65 171.35 c ±0.70 171.35 c ±0.72
16 wk 180.88 c * ± 0.41 171.94 c* ±0.30 171.94 c ±0.57
Tibiotarsal bone weight (g)
4 wk 24.46 a ±0.80 24.21 a ± 2.13 24.34 a ± 1.54
6 wk 34.06 b*±1.16 32.08 b*± 1.92 33.07 b ± 1.84
8 wk 34.58 b ±1.16 33.38 b ± 0.87 33.93 b ± 1.14
10 wk 31.70 b ±2.00 29.52 c ± 0.57 30.97 c ± 1.94
12 wk 30.10 c ±0.52 29.44 c ± 0.32 29.70 c ± 0.51
16 wk 29.83 c*±0.47 29.36 c*± 0.86 29.57 c ± 0.72
Body weight (g)
4 wk 2362 a ± 206 1960 a ± 343 2207 a ± 325
6 wk 3760 b ± 531 3370 b ± 270 3500 b ± 400
8 wk 4233 c ± 136 3790 c ± 152 4011 c ± 272
10 wk 4915 d ± 427 4340 d ± 193 4627 d ± 434
12 wk 5450 d,e ± 98 4693 d,e ± 82.1 4777 d,e ± 263
16 wk 5450 e ± 200 4854 e ± 182 5014 e ± 364
Relative bone mass (%)
4 wk 1.0 a ± 0.0 1.2 a ± 0.0 1.1a ± 0.0
6 wk 0.9 a ± 0.00 1.0 a ± 0.0 0.9 a ± 0.0
8 wk 0.8 a ± 0.0 0.9 a ± 0.0 0.9 a ± 0.0
10 wk 0.6 b ± 0.0 0.7 b ± 0.0 0.7 b ± 0.0
12 wk 0.6 b ± 0.0 0.6 b ± 0.0 0.6 b ± 0.0
16 wk 0.5 b ± 0.0 0.6 b ± 0.0 0.6 b ± 0.0
a,b,e Means within a column with different superscripts are significantly different (P#0.05).
*Means within a row are significantly different (P#0.05).
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maximum value of this feature was achieved in
males at 12 weeks of age, whereas in females at 8
weeks of age. In turn, the average density of trabe-
culae in the proximal metaphysis was the lowest in
6-week-old males and amounted to 33.73%. Sig-
nificant differences between males and females
(P#0.05) were found in this parameter (Table 1).
The correlation between the volume of trabecu-
lae and the body weight of domestic geese was r =
0.43; P#0.05. When the body weight was bigger,
the volume of trabeculae increased as well (Table 3).
The regression coefficient indicates that when the
body weight increases by 1 g, the volume of trabe-
culae increases by 0.000250 % mm (Table 3).
Discussion
Selecting the tibiotarsal bone as a model for re-
search is justified as its proximal metaphysis con-
tains large amounts of spongious substance in
which metabolic processes are the most intense.
Fig. 3. Various forms of deformities of tibiotarsal bone in 6-week domestic geese. 1 – bowed bone of 6-week male; 2 – properly
built tibiotarsal bone of 6-week male; 3, 4, 5 – deformations of the proximal metaphysis and the middle of the bone of 6-week
males; 6 – deformed tibial bone of 6-week female domestic geese. Visible enlargements in epiphyses and metaphyses.
Table 3
Values of correlation coefficients between the studied features (body weight, number, vol-
ume and density of trabeculae ) in domestic geese
Studied feature
domestic geese
Correlation coefficient Regression equation
Body weight x number of trabeculae -0.28* Y = 9.895-0.000364x
Body weight x volume of trabeculae 0.43* Y = 1.004+0.000250x
Body weight x density of trabeculae -0.08
*significant at P#0.05
Explanation:
In domestic geese a negative relationship between the body weight and the number of trabeculae was observed. The regression
equation shows that when the body weight increases by 1 g, the number of trabeculae falls by  0.000364 mm2.
There is also a relationship between the body weight and the volume of radiological trabeculae in domestic geese. If the body
weight increases by 1 g, the volume rises by 0.000250 % mm.
The relationships between the body weight of domestic geese and the density of radiological trabeculae were not recorded.
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Therefore, pathological changes, e.g. symptoms of
decreased bone density, are visible in the spongious
substance quite early. Tibiotarsal bone in fast
growing poultry is prone to disorders of the miner-
alisation process. The disorders in the spongious
bone of the tibial metaphyses lead to bone de-
formities and fractures.
The deformities and fractures of TT bones and
mineralisation disorders were recorded among meat
type birds (turkeys, ducks, geese, chickens) (TYKA-
£OWSKI et al. 2010). In slaughter turkeys, the de-
formities and disorders of mineralisation were
caused by tibial dyschondroplasia and occurred in
the cartilage of the proximal tibial epiphysis (POULOS
et al. 1978; LYNCH et al. 1992; PETERS et al. 2002).
Very often, tibial deformities in poultry were
caused by decreased blood supply in bones (SIMSA
et al. 2007), exceedingly fast growth (WILLIAMS
et al. 2003) and vitamin deficiency – rickets (HUFF
et al. 1999). Calcium and phosphorus deficiencies
in the plasma were also the cause of rickets (BAR et
al. 1987). Moreover, bones of birds kept in cages
were more prone to fractures (JEDRAL et al. 2008).
The deformities of long bones in poultry can result
in a decline of production efficiency. Taking into
consideration the range of pathologies, the follow-
ing research was performed to examine the
changes in the structure of spongious substance of
the TT bone in domestic goose. With the help of
the Trabecula® programme, it was recorded that
in posthatching development, the lowest number
and the lowest density of trabeculae were observed
among 6-week-old geese, both males and females.
At this age, the highest number of locomotor func-
tion disorders connected with deformation of tibia
was reported (bow-shaped bones) .
Similar results were obtained on ducks by CHA-
RUTA et al. 2011, in which (for both sexes) the
lowest number of radiological trabeculae per 1
mm2 in the area of spongious bone of the proximal
metaphysis was also reported at the age of 6 weeks
and amounted to 10.34 mm2.
On the basis of analysis of the bone tissue struc-
ture with the use of the Trabecula® programme,
significant statistical differences between age
groups of domestic geese were observed. At the
age of 16 weeks, when the birds become sexually
mature, the volume of trabeculae of the proximal
metaphysis declines significantly in comparison
with younger birds. Analysing the sex groups, no
statistically significant differences concerning the
volume of trabeculae between males and females
were observed for a particular age. The volume of
trabeculae depended only on age and was inde-
pendent of sex. CHARUTA et al. (2011) reported
that there were significant differences in the vol-
ume of radiological trabeculae depending on sex in
6-week-old ducks.
The average density of trabeculae as a percent-
age of a cube with the maximal and minimal base
measured, given in % mm, in the proximal meta-
physis was the lowest in 6 -week-old males and
amounted only to 33.73 %. The density of radio-
logical trabeculae of the birds showed significant
differences between males and females. In research
conducted by CHARUTA et al. (2011), it was reported
that among ducks the lowest density, expressed as
a percentage of the surface covered with trabecu-
lae for the whole area of the analysis, was charac-
teristic for females and amounted to 44.62 %. On
the basis of the conducted analysis, it was found
that there are significant differences between
sexes in the density of trabeculae in the proximal
metaphysis of 6- and 16-week-old domestic geese.
Density values depend on the age group and sex.
Similar results were observed in ducks in studies
performed by CHARUTA et al. (2011). The density
of trabeculae in 6-week-old ducks was the lowest
as well. Macroscopic deformities of the tibiotarsal
bones in 6-week-old males and females can be ex-
plained by the microscopic structure of the proxi-
mal metaphysis of the tibiotarsal bone. At that age,
both the number of trabeculae and their density are
the lowest in males and females. A relationship be-
tween body weight and density was not detected.
Research concerning changes in the density of poul-
try bones as influenced by age and sex was con-
ducted by TALATY et al. (2009a, 2010). The authors
analysed changes in mineralisation of the humeral
and tibial bones in broiler chickens of both sexes
from the second to the eighth week of life using
dual energy X-ray absorptometry (DEXA). Min-
eral density was the largest in 4-week-old broiler
chickens and slightly bigger in cocks (TALATY et al.
2009a). In domestic geese the highest density in
situ was observed in the proximal metaphysis in
12-week-old males and 8-week-old females.
In conclusion the lowest number (6.34 mm2),
volume (1.50 % mm) and density (33.73 %) of ra-
diological trabeculae in the proximal metaphysis
of the tibiotarsal bone was reported at the age of 6
weeks in males of the domestic goose. This may be
associated with fractures and deformities of the
tibiotarsal bones occurring mainly in 6-week-old
males (40%).
The current research showed that the adaptation
of the Trabecula® programme is useful for study-
ing bone morphology at the microstructural level
in birds, for example, the structure of the
spongious substance of the tibiotarsal bone in the
posthatching development of domestic geese. Ap-
plying this non-invasive method in orthopaedic di-
agnostics in birds is very useful because it allows
the recognition of disorders in the spongious sub-
stance of birds.
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